Aim: High levels of hypomanic personality traits have been associated with an increased risk of developing bipolar disorder (BD). Changes in semantic content, impaired verbal associations, abnormal prosody, and abnormal speed of language are core features of BD, and are thought to be related to semantic processing abnormalities. In the present study, we used event-related potentials to investigate the relation between semantic processing (N400 component) and hypomanic personality traits.
B
IPOLAR DISORDER (BD) IS clinically characterized by the occurrence of episodes of mania and depression, which alternate with periods of partial or full remission. One of the main features of BD, besides mood dysregulation, is an alteration of the structure of language. Patients with BD exhibit changes in semantic content, impaired verbal associations, abnormal prosody, and abnormal speed of language that are thought to be related to semantic processing abnormalities. 1, 2 Semantic processing involves mechanisms of access (e.g., activation and inhibition) to representations in memory.
At the experimental level, semantic inhibition has essentially been assessed with either a sentence completion task (Part B of the Hayling Sentence Completion Task) or a negative priming task where targets are former distractors that previously had to be ignored, thus slowing naming responses to them. 3, 4 A recent meta-analysis showed that patients with BD exhibit impaired semantic inhibition performances on the Hayling Sentence Completion Task. 5 Another approach to semantic inhibition is the resolution of semantic ambiguity. 6 The successful disambiguation of homonymy putatively requires semantic activation of the possibly relevant meaning and cognitive control over the contextually irrelevant meaning through semantic inhibition (see Eddington & Tokowicz 7 ). Semantic ambiguity resolution failures have been found among individuals with positive schizotypal traits but, to our knowledge, have not yet been explored among patients with BD. 8 At a neurophysiological level, two studies have been conducted in patients with BD to explore the modulation of the N400 component in the field of language. 9, 10 The N400 is a negative component that peaks at around 400 ms after the stimulus and is aroused by a target word presented in conditions in which the semantic context is manipulated. 11, 12 N400 amplitude is greater in response to words or sentences that are incongruous, unexpected, or inappropriate in the context than in response to congruous ones. 12 In BD, initial findings revealed larger N400 amplitudes for congruent words in manic patients than in control participants. 9 By contrast, Cermolacce et al. showed a preserved N400 component in ecological and natural speech conditions. 10 Differences in tasks between the two studies (wordmatching task vs congruous/incongruous complete sentences) may explain these discrepancies. Furthermore, the populations differed in age, level of education, and medical treatment. In conclusion, the results of Ryu et al. suggest that manic patients exhibit inappropriately decreased priming effects of closely context-related words, 9 while the results of Cermolacce et al. point to disturbances at an automatic level of semantic processing, and preserved speech comprehension under more ecologically valid conditions. 10 One of the main limitations when studying neurocognitive impairment among patients with BD is the potential impact of their psychotropic treatment, as it can have its own cognitive side-effects. 13, 14 To circumvent the impact of drugs on electrophysiological patterns and adopt a dimensional approach to symptoms, some studies have focused on nonclinical individuals with hypomanic personality traits. [15] [16] [17] [18] Hypomanic personality describes people who are cheerful, optimistic, extraverted, self-confident, and energetic, although sometimes also irritable, rude, and reckless or irresponsible. 19, 20 This putative dimension of personality can be evaluated on the Hypomanic Personality Scale (HPS), 20 a 48-item true-false self-questionnaire that measures hyperactive, ambitious, and exhibitionistic behaviors, as well as feelings of euphoria and flights of thoughts. The relationship between the HPS and BD has been studied often during the last 20 years, allowing us to consider the population with hypomanic traits as at risk for BD in the following years. 21, 22 The HPS total score has also been shown to correlate with a wide range of variables related to clinical diagnoses of BD, such as affective lability, 23 psychophysiological sensitivity to positive stimuli, 24 reward sensitivity, 25 impulsivity, 26, 27 creativity, 28, 29 and social rhythm instability. 30 The presence of language abnormalities, like logorrhea, tangentiality, or flight of ideas, typical of the manic episodes in BD is also present, at a subsyndromal level, in individuals with hypomanic traits. So far, only one cognitive study of hypomanic personality traits has explored the modulation of the N400 component in the field of language, 18 evaluating the deployment of contextual processing with emotional information. In this study, participants with high levels of hypomanic personality traits exhibited specificities in the processes relative to the integration of the emotional context, at the level of early mobilized neurocognitive processes. Semantic processing abnormalities in individuals with hypomanic personality traits therefore need to be explored further, if we are to understand this personality and its links with BD better.
The aim of the present study was to explore semantic inhibition processes elicited by a semantic ambiguity resolution task, using event-related potentials (ERP; N400 component) in a healthy population whose level of hypomanic personality traits had been assessed. We hypothesized that semantic ambiguity resolution would be associated with the appearance of the N400 component, and that this component would be altered in individuals with high levels of hypomanic personality traits.
METHODS Participants
We included 64 young, healthy, right-handed adults in the study, assessed by a neuropsychologist. They were recruited from the University of Reims Champagne-Ardenne, France. All participants were native French speakers. They had normal or corrected-to-normal vision, normal hearing, and reported no past or present history of reading disabilities, and no neurological or psychiatric disorders. Furthermore, none of them reported taking any psychotropic medication. Participants completed sociodemographic data, medical and psychiatric personal history, and the HPS (French version) before the ERP recording. 31 Verbal IQ was assessed with the Mill Hill Vocabulary Test. 32 
Ethics statement
The study was anonymous, and all the participants gave their written or electronic informed consent using methods approved by the ethics committee of the Cognition, Health, and Socialization Laboratory of Reims Champagne-Ardenne University. The procedure was conducted in accordance with the Declaration of Helsinki.
The HPS
The HPS is a 48-item self-questionnaire developed by Eckblad and Chapman with a validated threefactor structure corresponding to three subscales: Mood Volatility, Excitement, and Social Vitality. 20, 31, 33 The Mood Volatility subscale explores negative, unpredictable mood states and hypomanic cognition, the Excitement subscale probes the energetic and extremely cheerful mood exhibited by such individuals, and the Social Vitality subscale gauges social potency and vivaciousness. 33 According to recent literature, there is evidence that HPS dimensions are fully dissociable and that the total score might not be taken into account.
31,33
The ambiguity resolution task Based on the task developed by Hoenig and Scheef, 34 we constructed an ambiguity resolution task comprising 90 heard sentences (see Table 1 for an example). This work is based on the model of the ambiguity resolution task, already used in anterior ERP studies manipulating ambiguity and congruency.
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Selection of stimuli
To select the homophones for the ambiguity resolution task, we ran an association pretest with two other samples of participants. We began by compiling a list of 77 ambiguous French words with a frequency >2, according to Lexique 3 (http://www. lexique.org/). 38 The first sample of participants (n = 112; 51 men; mean age = 37.9 AE 11.6 years, range = 19-61), drawn from the general population, was asked to listen to each ambiguous word, then indicate in written form the first meaning that came to mind. We retained 52 words that had only two meanings (dominant and subordinate) and for which the subordinate meaning was present in more than 10% of answers and less than 40%. 39 Next, the second sample of participants (n = 126 participants; 23 men; mean age = 19.3 AE 1.7 years, range = 18-25) was asked to listen to each ambiguous word, then choose between the two meanings that first came to mind. We retained those ambiguous words for which a subordinate meaning was present in more than 10% of answers and less than 40%, leading to a final list of 45 homophones.
Task design
Half of the 90 sentences were ambiguous, in that they ended with one of the selected homophones, and the context of the sentence was oriented toward the homophone's subordinate meaning. The other half were unambiguous, ending with a control word that was synonymous with the subordinate meaning of the homophone. The target displayed on the screen was a single word found in the association test and oriented to either the dominant or the subordinate meaning of the homophone, thus creating either an incongruent or a congruent condition. Four conditions were therefore generated: congruent ambiguous (CA), incongruent ambiguous (IA), congruent unambiguous (CU), and incongruent unambiguous (IU).
Procedure
The stimuli were presented in a fixed pseudorandom order. Each trial had the following structure: a fixation point appeared in the center of the screen (700 ms), followed by an auditory context sentence (1229-2590 ms) and a written target word (3000 ms maximum). A black screen was displayed for the rest of the 3000 ms (see Fig. 1 ). The targets were displayed in white characters on a black background, using E-PRIME 2.0 (Psychology Software Tools, Pittsburgh, PA, USA). Participants were asked to decide whether or not the written target word was related to the meaning of the heard context sentence. Half the stimuli required a 'yes' response. Two lists of sentences were randomly used, with 22 or 23 sentences per condition, associating the target words with either the ambiguous or the unambiguous sentences.
Electroencephalogram recording
Electroencephalograms (EEG) were recorded using a 32-channel Electro-Cap (BrainAmp; BrainProducts, Gilching, Germany) arranged on the scalp according to the international 10-20 system. The reference electrode was positioned at an equal distance from Fz and Cz, and the ground electrode was located between Fz and the prefrontal sites. Electrode impedance was held below 5 kΩ. The amplification gain was 1000. To record the electro-oculogram, two electrodes derived from FP1 and FP2 were placed below the right eye and on the external canthus of the left eye, and set to an amplification gain of 500. The EEG signal was digitized online at a sampling rate of 250 Hz, with bandpass half-amplitude cutoffs of 0.1-100 Hz, and was filtered using a 20-Hz low-pass filter. Before segmentation, all the electrodes were re-referenced offline to the digital average of the activity at the left and right mastoids. The EEG was segmented 100 ms before target onset and 1500 ms after target onset. Baseline correction was performed for the 100-ms epoch before target onset. Eye blinks were controlled for in accordance with the independent component analysis method, by means of an automated analysis performed by BrainVision Analyzer. Artifacts were also controlled for by means of an automated analysis performed by BrainVision Analyzer. The following artifact rejection criteria were applied for the period extending from 200 ms before each segment to 200 ms after each segment: (i) maximum permitted voltage of 50 μV/ms; (ii) maximum absolute difference of 100 μV for a 200-ms interval; and (iii) minimum required activity in a 100-ms interval of 0.5 μV. A visual inspection was also performed to control for blinks and other artifacts. Only participants for whom at least 50% of segments were retained were included in the analyses. Artifact-free EEG trials were averaged separately in a 1. 11-24 ). An analysis of variance (ANOVA) showed a significant effect of congruency, F(1, 54) = 61.68, P < 0.001, and a trend toward significance for ambiguity, F(1, 54) = 3.453, P = 0.069.
Data analysis Behavioral analyses
In order to investigate the impact of semantic inhibition processes on ERP components, we submitted the mean response times and accurate answers to a repeated-measures ANOVA with two factors: ambiguity, arising from the polysemy of the last word in the sentence (2: homophone vs control) and In order to investigate the link between the level of hypomanic personality traits and response times, we performed correlation analyses with Holm's correction between HPS scores and mean response times in each experimental condition. The internal consistency of the HPS was verified using Cronbach's alpha coefficient.
ERP analyses ERP were analyzed for five regions of interest (ROI): frontal (FZ, F3, F4); frontocentral (FC1, FC5, FC6, FC2); central (Cz, C3, C4); centroparietal (CP5, CP1, CP2, CP6); and parietal (Pz, P3, P4). The distribution of these regions followed an anteroposterior gradient found in previous studies of semantics. 9, 36 In order to investigate the impact of semantic inhibition processes on ERP components, we focused our analysis on the 400-600-ms time window for N400, based on a visual inspection and peak detection conducted by Brain Analyzer. The mean ERP amplitudes were submitted to a repeatedmeasures ANOVA with three factors: ROI (5: frontal, frontocentral, central, centroparietal, and parietal); ambiguity (2: homophone vs control); and congruency (2: subordinate vs dominant). The Greenhouse-Geisser correction was applied to correct violations of the assumption of sphericity when appropriate.
In order to investigate the link between the level of hypomanic personality traits and ERP modulation, we performed correlation analyses with Holm's correction between HPS scores and mean N400 amplitude in each experimental condition and ROI.
RESULTS
Twelve participants were excluded from the analysis because the proportion of correct answers and/or number of artifact-free segments was below 50%. ERP and behavioral analyses were therefore conducted on 53 participants (49 women). Their mean age was 19.7 AE 2.3 years (range = 18-24) and their education level was 12.4 AE 1.1 years. The mean total HPS score was 14.58 AE 6.14 (range = 4-31), with the following subscores: 7.07 AE 3.76 (0-14) for the Social Vitality subscale, 5.75 AE 2.59 (0-12) for Mood Volatility, and 1.75 AE 1.23 (0-5) for Excitement. Internal consistency of the HPS was satisfactory (Cronbach's α = 0.77). 16.13%) . The ANOVA showed a significant effect of congruency for RT, F(1, 52) = 66.73, P < 0.001, and for percentage of correct answers, F(1, 52) = 75.03, P < 0.001, with shorter RT and more correct answers in the congruent condition (844.57 ms, 84.98%) than in the incongruent one (961.02 ms, 76.62%). There is a trend toward significance for ambiguity for RT, F (1, 52) = 3.38, P = 0.071, and for percentage of correct answers, F(1, 52) = 3.19, P = 0.080, with longer RT and less correct answers in the ambiguous conditions (911.01 ms, 79.20%) than in the unambiguous one (894.58 ms, 82.44%). The Congruency × Ambiguity interaction was not significant for RT nor for percentage of correct answers (Ps > 0.10).
Behavioral results
Mean reaction times (RT
The only significant correlation was found between the Social Vitality subscore and the RT in the IA condition, r = 0.27, P = 0.046. The higher the Social Vitality subscore, the longer the response time in the IA condition.
ERP results
ERP are set out in Figure 2 .
ANOVA results
The ANOVA revealed a significant main effect of ambiguity, F(1, 52) = 6.52, P = 0.014. Mean N400 amplitude was greater (i.e., more negative) for unambiguous sentences (2.11 μV) than for ambiguous ones (2.52 μV). A significant main effect of congruency was also found, F(1, 52) = 72.11, P < 0.001. Mean N400 amplitude was larger for incongruent targets (0.76 μV) than for congruent ones (2.14 μV).
Moreover, there was an Ambiguity × Congruency interaction effect, F(1, 52) = 4.96, P = 0.030. Mean N400 amplitude was greater for incongruent targets than for congruent ones, and this difference was larger for unambiguous sentences ( We also found a significant ROI × Ambiguity interaction effect, F(4, 208) = 7.38, P = 0.005, and a significant ROI × Congruency interaction effect, F (4, 208) = 3.84, P = 0.044, with the same effect direction as before.
When we focused on each ROI, we found significant main effects and interactions of ambiguity and congruency (see Table 2 ). Ambiguity had the greatest effect in the posterior ROI, and the Ambiguity × Congruency interaction was most significant in the frontal ROI.
Correlations with HPS scores
No significant correlation was found between the mean amplitude in each condition and the total HPS score (Ps > 0.10). However, when we considered the HPS subscales, we found significant correlations between the Social Vitality subscore and the IU condition for the frontal ROI, r = 0.28, P = 0.039, and IA condition for the frontocentral ROI, r = 0.27, P = 0.047. The higher the Social Vitality subscore was, the more positive (i.e., smaller amplitude) the N400 amplitude over the frontal ROI in the IU condition and over the frontocentral ROI in the IA condition.
DISCUSSION
The preliminary objective of the present study was to explore semantic inhibition processes elicited by a semantic ambiguity resolution task. We hypothesized that semantic ambiguity resolution is associated with the appearance of an N400 component. At a behavioral level, our results revealed a significant effect of congruency and a trend toward significance for ambiguity, in terms of both accurate answers and reaction times. These results closely replicated those of Hoenig and Scheef, 34 who showed that the within-participants factors homonymy and congruency yielded slightly faster reaction times for semantically congruent target decisions than for semantically incongruent ones, and that neither the main effect of ambiguity, nor the interaction of the two factors was significant. At an electrophysiological level, our results showed a significant effect of congruency on N400 amplitude. More specifically, N400 amplitude was greater when the target words were incongruent rather than congruent with the previous sentence. This result is consistent with studies of the N400 conducted over more than 30 years. 11 More recently, the same pattern of results was found in the study by Kotchoubey and ElKhoury, 36 with a very robust effect of context but almost no effect of lexical dominance. The design of that task differed slightly from ours, as the sentences featured the ambiguous word in either its dominant or its subordinate meaning, while the target word was strongly associated with either the dominant meaning of the ambiguous word or the subordinate meaning (e.g., On this construction site, workers used a lorry and a caterpillar; probe: machine or insect). This task, without any control sentences, explored more lexical factors and not specifically the impact of ambiguity on N400 amplitude. In our study, we explored ambiguity and found a significant effect, with a smaller N400 amplitude after sentences with an ambiguous word than after sentences with a control word. Moreover, we found an Ambiguity × Congruency interaction showing that in the ambiguous sentences, the incongruent condition seemed less incongruent than in the control sentences. These results strengthen the hypothesis of a graded salience approach, with early activation of the dominant meaning, followed by detection of a contradiction and the activation of less salient meanings. 40 This model involves a semantic inhibition process, that is, a direct cognitive process that actively reduces semantic interference by inhibiting competing irrelevant meanings or concepts, in order to promote attentional selection.
Our twofold objective was to explore semantic inhibition in a healthy population whose level of hypomanic personality traits had been assessed, and to explore whether the N400 component is altered in individuals with high levels of hypomanic personality traits. We found that the Social Vitality subscore of the HPS was significantly correlated with N400 amplitude over the frontal ROI in the IU condition, and over the frontocentral ROI in the IA condition. The higher the Social Vitality subscore, the smaller the N400 amplitude over the frontal ROI in the IU condition, and the smaller the N400 amplitude over the frontocentral ROI in the IA condition. These results suggest that difficulty handling incongruence varies according to social vitality, as participants with higher Social Vitality subscores seemed to process the incongruent items like congruent ones, without taking context into account.
When studying HPS scores, it is necessary to analyze them in the light of the scale's three-factor structure, and not on the basis of the total score alone. 31 The Social Vitality subscale explores social potency and vivaciousness and the social vitality cluster seemed to represent a combination of mentally healthy and unhealthy traits. 33 For example, individuals with high Social Vitality subscores were socially potent in diverse and creative contexts, but also had less of a desire for risk taking.
33 At a behavioral level, we found that the effect of incongruence was only significant when combined with ambiguity. In the IA condition itself, we also found a correlation between Social Vitality subscores and mean response times, such that the higher the Social Vitality subscore, the longer the response time in the IA condition. These results confirm that it was more difficult for participants with high Social Vitality subscores to handle the competition between the different meanings of the ambiguous word and to Vitality subscore and personality dimensions: the higher the Social Vitality subscore, the lower the score on the constraint dimension, indicative of impulsivity traits and sensation seeking. 33 Impulsivity is a multifaceted construct of which low response inhibition is a core component. 41 The link between the Social Vitality subscore and impulsivity, which has already been observed, could explain why participants with high Social Vitality subscores had difficulty inhibiting the inappropriate meaning of the ambiguous word.
Moreover, data from the literature indicate that manic patients with BD share that impairment. For example, in a comparison with control participants, Ryu et al. found that manic patients with BD exhibited impaired semantic priming, with larger (i.e., more negative) N400 amplitudes for primed words, leading to the conclusion that they process related words as though they were unrelated. 9 The exploration of the cognitive functioning of high HPS scores is growing and helps to progress in the comprehension of BD, [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] with some of these studies suggesting continuity in the problems experienced by those at high risk for BD and those diagnosed with BD. Some even suggest that the knowledge derived from these studies helps in the assessment of early interventions in participants at risk of developing the disorder by, for example, training the patients to make less impulsive decisions, which might prevent them from a progression on the bipolar spectrum. 48 Several limitations need to be acknowledged. First, our sample was mainly composed of women, and further studies will be needed to generalize these results to both sexes. The young age of our sample may also have been a limitation, although vulnerability to BD needs to be studied in young populations, before the potential onset of this disorder.
In conclusion, our results showed correlations between the Social Vitality subscore and semantic inhibition. These suggest semantic processing abnormalities or failures among healthy individuals with hypomanic traits that could consolidate the link already provided between hypomanic personality traits and BD, with potential pre-existing cognitive deficits in individuals at risk to develop BD. Interestingly, there may be a genetic basis of this link, with a recent study providing additional evidence of a genetic explanation for high HPS scores. 53 Longitudinal studies are needed to confirm that impaired semantic inhibition is a potential marker of vulnerability to BD.
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